Background and Purpose-Prognosis of ischemic stroke in young adults is reported as favorable, and transient ischemic attack (TIA) is commonly considered a benign event. We investigated long-term outcome and prognostic predictors of cerebral ischemia in patients under 45 years of age. Methods-Three hundred thirty-three patients aged 15 to 44 years who suffered from a first-ever TIA or ischemic stroke were prospectively followed up with annual clinical evaluation or complete phone interview. End points were the composite outcome event of stroke, myocardial infarction, and vascular or nonvascular death and death from all causes. The probability of event-free survival was estimated by the Kaplan-Meier method. Univariate and multivariate estimates of hazard ratios were calculated according to the Cox proportional hazards analysis. Results-An average follow-up of 96 months was available in 330 patients (99.1%). Survival was worse in patients with stroke at entry (86.5%) than in those with TIA (97.1%). Mortality in both groups was significantly higher than in the general population (standardized mortality ratio [SMR] 14.5, PϽ0.0001, Poisson distribution test, and SMR 7.9, Pϭ0.002). The average annual mortality rate was higher during the first (3.94%, 95% CI 1.84 to 6.04) than in the subsequent years. The average annual incidence rate of new stroke was higher in patients with stroke than in those with TIA at entry, and it declined from 1.56% (95% CI 0.21 to 2.91) during the first year to 0.06% (95% CI 0.04 to 0.08) at the end of the follow-up. Myocardial infarction occurred later, after the first year, with similar rates in patients with stroke and TIA at entry. The average annual rates of new stroke (2.36%), myocardial infarction (1.68%), and death (3.05%) were higher in patients with the mixed atherothrombotic and cardioembolic etiology than in the remaining patients. Male gender, age Ͼ35 years, stroke at entry, and cardiac diseases were independent predictors of the composite outcome event at the Cox regression analysis, whereas only stroke at entry and cardiac diseases predicted death from all causes. Conclusions-Stroke and TIA in young adults have severe prognostic implications, because the mortality risk was highly increased with respect to the general population. Preventive measures are strongly recommended in the presence of any unfavorable prognostic profile. (Stroke. 1999;30:2320-2325.)
C erebral ischemia in young adults occurs at an annual incidence rate of about 6/100 000. Although it represents only about 1% of all strokes, it has a relevant impact on years of potential life lost and on socioeconomic costs, considering the long life expectancy at these ages. 1 There is general agreement on the role of atherosclerosis in men over age 35 and of cardiac diseases, migraine, and oral contraceptive use in women under age 35 as pathogenic determinants for cerebral ischemia. 2, 3 Whether the early onset of stroke in young adults might reflect severity of underlying pathology is still an open question. 3 The short-term prognosis of stroke in young adults is considered favorable, despite its relationship with the presence and severity of complications at the time of the first event. 4, 5 Long-term prognosis of young patients with transient ischemic attack (TIA) is reported to be even more favorable, although the risk of new ischemic events depends on the presence of vascular risk factors. 6, 7 The available prospective studies report annual incidence rates of death and recurrent stroke ranging from 1% to 2.6%, with higher long-term mortality in patients who had a large-vessel stroke. 5, 8, 9 The prognosis has been reported to be severe in patients with carotid stenosis and mild in patients with coexisting stroke and migraine. 10 This study assessed the long-term prognosis of cerebral ischemia in patients under 45 years of age with a first-ever stroke or TIA at entry and investigated possible prognostic predictors.
Subjects and Methods
All patients aged 15 to 44 years who had a first-ever TIA or ischemic stroke within the 8 weeks preceding admission into the hospital were prospectively recruited and investigated from April 1, 1984 , through March 31, 1988 , by 7 departments of neurology (Florence, Genoa, L'Aquila, Milan, Padua, Parma, and Rome). The study protocol was developed in the early 1980s and included clinical and laboratory evaluation of vascular risk factors, continuous-wave Doppler sonography of the neck vessels, brain CT, cardiac evaluation with chest radiography, ECG, and transthoracic echocardiography. 3 Selective carotid angiography of the symptomatic vascular territory was also available in 72% of patients. The achievement of a definite etiologic diagnosis was attempted whenever possible. For the purpose of this study, etiology was classified as atherothrombotic; cardioembolic; mixed atherothrombotic and cardioembolic; and miscellaneous, which included events related to other disorders together with those of uncertain and unknown etiology. Definitions of risk factors and diagnostic criteria were reported elsewhere. 3 All patients were prospectively followed up for 5 to 10 years, with an annual clinical evaluation or a complete telephone interview with the patient or the next of kin when appropriate, by means of a semistructured questionnaire. 10 Onset of symptoms was considered the starting point for the follow-up. No compulsory treatment was adopted. Strict medical control and optimal treatment of vascular risk factors were encouraged. The main study end point was the composite outcome event, including nonfatal stroke, nonfatal myocardial infarction, and death from all causes. Death from all causes was also analyzed separately. All deaths were documented by hospital records, autopsy findings, or general practitioner's reports. 10 Stroke was defined as rapidly developing signs of focal or global disturbance of cerebral function lasting Ͼ24 hours or leading to death, with no apparent cause other than that of vascular origin. Myocardial infarction was diagnosed by the presence of at least 2 of the following: typical ischemic chest pain lasting for Ͼ30 minutes, specific serum enzyme elevations, and new pathological Q waves on ECG. 10 Functional outcome was evaluated by means of the Barthel Index. Patients were regarded as independent when the score was Ͼ90.
The probability of event-free survival was estimated by the Kaplan-Meier method. Average annual rates were calculated according to the formula 1Ϫ[(1ϪI c ) 1 /n ], where I c equals the cumulative incidence rate at n years, obtained by the Kaplan-Meier method. The standardized mortality ratio (SMR) was computed as the ratio of the deaths observed to those expected based on the age and sex stratification reported by the Italian life tables. 11 The difference between observed and expected events was compared by the Poisson distribution test. Univariate and multivariate estimates of hazard ratios were calculated according to the Cox regression analysis. A difference was regarded as statistically significant at PϽ0.05 or when the confidence intervals did not overlap.
Results
Of 333 patients, 330 (99.1%) with a first-ever ischemic stroke (nϭ190) or TIA (nϭ140) at entry were followed up for an average of 96 months (range 62 to 124). During this period, 26 patients died (7.8%), 10 had a new stroke (3.2%), and 8 a myocardial infarction (2.5%). The cause of death was cerebral in 11 patients, cardiac in 4, nonvascular in 7, and unknown in 4. Eighty-five patients (26%) were traced by means of a telephone interview. Median time from onset of symptoms to admission was 3 days. Most patients (64.0%) were taking antiplatelet drugs (nϭ178) or anticoagulants (nϭ35) during follow-up. Appropriate treatment was adopted for 47 of 63 patients with hypertension and for 6 of 9 with diabetes mellitus. Oral contraceptives were discontinued by all the 20 current users, whereas only 23 out of 117 current smokers quit smoking. Functional outcome was evaluated in 304 surviving patients (92%). At the end of the follow-up, 49 of the surviving patients (16.1%) were still dependent, with a Barthel Index score of Ͻ60 (nϭ11) or between 60 and 90 (nϭ38), whereas 169 patients (55.6%) had returned to work and 86 (28.3%) were unemployed despite recovery.
The observed survival of the cohort ( Figure 1 ) was worse than that expected for the age-and sex-matched standard Italian population (90.9% versus 99.2%), with an SMR of 10.8 (PϽ0.0001, Poisson distribution test). Within the cohort, the survival of stroke patients was worse than that of TIA patients (86.5% versus 97.1%). The corresponding SMRs were 14.5 for stroke (PϽ0.0001) and 7.9 for TIA patients (Pϭ0.002), because mortality in both groups was higher than in the general population.
As shown in Table 1 , the average annual mortality rate of the cohort was higher during the first year (3.94%, 95% CI 1.84 to 6.04) than in the subsequent years, mostly because of the high 1-year mortality of stroke patients (6.32%). The average annual mortality rate in the cohort was stable after the first year of follow-up, ranging between 0.55% and 0.61%. However, the average annual mortality rate was higher in patients with stroke (1.44%) than in those with TIA (0.30%). This difference persisted even after excluding deaths that occurred within 30 days. Likewise, the average annual incidence rate of new stroke was higher in patients with stroke (0.52%) than in those with TIA (0.07%), declining from 1.56% (95% CI 0.21 to 2.91) during the first year to 0.06% (95% CI 0.04 to 0.08) between 6 and 10 years of follow-up (Table 1) . Myocardial infarction occurred later, after the first year. TIA patients showed a higher average annual incidence rate of myocardial infarction (0.22%) than of new stroke (0.07%).
The average annual incidence rates of new stroke (2.36%), myocardial infarction (1.68%), and death (3.05%) were higher in patients with mixed atherothrombotic and cardioembolic etiology than in patients included in the other diagnostic groups (Table 2) , with confidence intervals largely overlapping. No myocardial infarctions were found during the follow-up among patients included in the miscellaneous diagnostic group. In addition, no significant interactions were observed between the qualifying event and the etiologic groups. As shown by the univariate Cox regression analysis (Table  3) , male gender, age Ͼ35 years, stroke at entry, cardiac diseases, and hypertension were significant predictors of the composite outcome event and of death from all causes, whereas carotid abnormalities were a significant predictor of the composite outcome event only. The corresponding Kaplan-Meier survival curves were reported in Figures 2 and  3 . The multivariate Cox regression analysis confirmed that male gender, age Ͼ35 years, stroke at entry, and cardiac diseases were independent predictors of the composite outcome event, whereas stroke at entry and cardiac diseases were independent predictors of death from all causes.
Discussion
Although the absolute survival probability of our cohort was high, stroke and TIA in young adults do not represent benign events, because mortality risks were highly increased with respect to the general population. Risk did not vanish with time, depending on severity of the underlying vascular pathology and on coexisting risk factors.
This hospital-based, prospectively designed study included the largest cohort to date of young adults with cerebral ischemia. The participating centers contributed an unselected series of all admitted cases. Ninety-nine percent of the included patients completed the long-term follow-up. However, because of the low risk of new events in young adults, the study was underpowered, as shown by the wide confidence intervals of the estimates. Moreover, despite the median time to admission being 3 days, patients with very early death might have been underrepresented in the cohort. In-person follow-up was replaced by a complete phone interview in 26% of patients. Prognosis was commonly reported as favorable in young stroke patients and even more favorable in young TIA pa- 
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tients. 4,6 -8 Most of the data referred to small cohorts whose follow-up was far from being complete. 4,6 -8 A further study of 74 stroke patients with an average follow-up of 16 years reported an average annual mortality rate of 1% and an average annual incidence rate of new strokes of 0.5%. These proportions were very close to the 1.44% mortality and the 0.52% incidence of new strokes in our patients with a first-ever stroke. 5 Additionally, in young stroke survivors, a 1.7% average annual rate of vascular death and a 2.6% average annual incidence rate of recurrent stroke, myocardial infarction, and vascular death were reported. 9 These figures were slightly higher than those in our study, possibly because the data came from a series recruited in a tertiary-level hospital facility that enrolled a large number of complicated and less-straightforward cases. 9 In our cohort, the 10-year survival rates were 86.5% for stroke and 97.1% for TIA patients. These rates, although higher than the corresponding rates reported for patients of any age, were lower than expected on the basis of the age-and sex-matched Italian population. [11] [12] [13] [14] [15] [16] The SMRs that we found in our stroke patients (14.5) and TIA patients (7.9) were higher than those observed in older stroke patients (SMR 3.7) and TIA patients (SMR between 1.4 and 2.0). [12] [13] [14] [15] [16] Therefore, despite the high absolute survival probability of patients with stroke and TIA at entry, cerebral ischemia in young adults did not appear to be a benign event, because the mortality risk was highly increased with respect to the general population.
The average annual mortality rate in the cohort was stable after the first year of follow-up, ranging between 0.55% and 0.61%. The risk of a new stroke decreased with time, and the occurrence of myocardial infarction was delayed after the first year. 14 -16 Because the risk of new vascular events did not vanish during follow-up, the early occurrence of the first-ever event in our patients was probably attributable to premature atherosclerosis rather than to any incidental precipitating factor. 3, 4, 14 Patients with stroke of the mixed atherothrombotic and cardioembolic etiology were more likely to present with stroke at entry and were at higher vascular risk, as shown by their higher average annual incidence rates of new stroke, myocardial infarction, and death. Conversely, patients with cerebral ischemia included in the miscellaneous diagnostic group were at very low risk of myocardial infarction and death.
According to survival analyses, the prognostic profile, including male gender, age Ͼ35 years, stroke at entry, and cardiac diseases predicted the worst outcome in our series. 14, [17] [18] [19] The observed prognostic implications of male gender and age Ͼ35 might depend on the specific relevance of early atherosclerosis in men Ͼ35. 3 Functional outcome was reported as favorable in young stroke survivors. 9, 20 At the end of the follow-up, 16.1% of the survivors were still dependent, whereas 55.6% had returned back to work, which suggests that in the remaining 28.3% of the patients other factors, such as mood depression, loss of social role, welfare policies, and previous unemployment status, might have influenced social recovery. 20 In our opinion, the potential risk of new vascular events together with the low tendency to return back to work in patients Ͻ45 years of age might increase the global burden of the disease, considering the life expectancy at these ages. 21 Preventive measures focused on atherothrombotic risk factors should be strongly enforced in young adults when vascular pathology and risk factors suggest an unfavorable long-term outcome.
